Background: Postoperative surgical site infections (SSIs) are one of the most frequent complications after open abdominal surgery. Triclosan-coated sutures were said to be able to reduce its occurrence. In gynecologic surgery, SSIs of the vaginal stump are a frequent cause of postoperative fever. Double gloving is also said to contribute to the prevention of SSIs. We performed abdominal hysterectomy with double gloving and sutured the vagina stump with VICRYL PLUS ® , a Polyglactin 910 suture coated with triclosan, to prevent SSIs. We investigated whether triclosan-coated sutures coupled with double gloving could indeed reduce the incidence of SSIs following abdominal hysterectomy.
Introduction
Surgical site infections (SSIs) are the most common healthcare-associated complication. SSIs occur in 2-5% patients undergoing inpatient surgery [1, 2] , and account for 20% of all healthcare-associated infections in hospitalized patients [3] . According to the Centers for Disease Control (CDC), 66% of all SSIs are located at the site of incision and are either superficial or deep SSIs [4] . This would extend the length of hospital stay and thereby reduce the patient's quality of life. Furthermore, when compared to people who do not develop SSIs, there is an increase in risk of death in the perioperative period [5] . In this study, we examined whether SSIs were reduced with the use of double gloving and antimicrobial sutures in the vaginal stump.
The purpose of surgery gloves is to block the transfer and subsequent propagation of pathogenic microorganisms from healthcare workers to patients (or from patients to healthcare workers). However, in cases where surgeries run over a longer duration, the gloves often tear or break, increasing the risk of SSIs [6] .
In the 1970s, surgical implants were often coated with an antibacterial substance. Triclosan is a broad-spectrum antiseptic that has been widely used for over 30 years. VICRYL PLUS ® refers to Polyglactin 910 sutures coated with triclosan. It is highly effective against gram-positive bacteria, and has a bacteriostatic effect against E. coli [7] . Researches on the prevention of SSIs due to the use of antimicrobial sutures have been frequently reported. However, no reports have reported its usefulness in context of gynecological surgeries. In gynecologic surgery, SSIs of the vaginal stump are a frequent cause of postoperative fever [8, 9] . The treatment of the abscess located in the vaginal stump is often ineffective, requiring re-operation in some cases.
To investigate the prevention of SSIs, we performed abdominal hysterectomy with the use of double gloving and sutured the vaginal stump with VICRYL PLUS ® , and compared All patients underwent shaving immediately before surgery. Skin disinfection was carried out using the 10% povidone-iodine solution. If patients were allergic to iodine, chlorhexidine was used instead. All patients received prophylactic intravenous antibiotics, a cephalosporin, before incision and every 3 h during the operation. The skin was incised with a scalpel. Subcutaneous tissue, fascia and peritoneum were dissected with an electric knife.
Peritoneal closure was achieved by continuous suture. Fascia and subcutaneous suture were achieved by interrupted suture. Dermal suture was achieved by continuous or interrupted suture. We washed the pelvis with approximately 1,000 -2,000 mL of saline before peritoneum closure, and then washed the subcutaneous tissue with approximately 200 -300 mL of saline about before dermal suture.
Evaluation
SSIs were identified according to the Centers for Disease Control and Prevention criteria guidelines from 1999 [10] . After surgery, patients were followed up daily during their hospital stay by the attending physician. We evaluated patients for 30 days after surgery. The primary outcome was the incidence of SSIs.
Statistical analysis
Differences between the two groups were calculated using the Mann-Whitney U test for continuous variables or the Fisher exact test for categorical variables, using JSTAT (version 16.1, http://toukeijstat.web.fc2.com/). The significance level was set at P = 0.05.
Results

Comparison of patient demographics and perioperative status
Patient demographics in both groups and the risk factors of SSIs are summarized in Table 1 . There were no statistically significant differences between two groups. Anemia was defined as hemoglobin concentration of less than 11.0 g/dL. The perioperative data for both groups are summarized in Table 2 . There were no statistically significant differences between the two groups as well.
Incidence of SSIs
The incidence of SSIs in the first period (group with single gloving and without triclosan) was 17 of 195 patients (8.7%) and that in the second period (group with double gloving and with triclosan) was eight of 189 patients (4.2%) ( Table 3) . There were no statistically significant differences between the two groups (P = 0.097). When the SSIs were further distinguished into superficial SSIs and organ space SSIs, there were also no statistically significant differences between the two groups with respect to superficial SSIs (2.5% in the first period Hara et al J Clin Gynecol Obstet. 2017;6(1):1-5 and 1.6% in the second period, P = 0.72) and organ space SSIs (6.2% in the first period and 2.6% in the second period, P = 0.14). Deep SSIs were not observed in both groups. In the first and second periods, 13 of 195 patients (6.7%) and four of 189 patients (2.1%) respectively required antibiotic treatment. The frequency in the second period was significantly less than in the first period (P = 0.045) ( Table 3) . Re-operation and drainage were not performed in both groups.
Discussion
There are many studies describing the preventive effect of antimicrobial sutures for the fascial suture on the occurrence of SSIs [11, 12] . However, a meta-analysis of randomized clinical trials has reported that antibacterial sutures do not in fact prevent SSIs [13] . It is thus controversial as to whether antibacterial sutures are indeed able to prevent SSIs. In the field of gynecology, there has not been any study reporting the benefits of suturing the vaginal stump with VIC-RYL PLUS ® . In our study, there is a possibility that SSIs can be reduced either by suturing the vaginal stump with antimicrobial sutures, or by double gloving.
As mentioned above, VICRYL PLUS ® has an antibacterial efficacy against gram-positive cocci and a bacteriostatic effect against E. coli. For intra-abdominal abscess in gynecology, Soper reported the numbers of bacteria isolated from 759 cases as 1,256 media in aerobic and 1,187 media in anaerobic bacteria, respectively [14] . The number of gram-positive bacteria and E. coli was 598 media [13] [14] [15] . These accounted for 24% of all bacteria. As part of the pathogenesis of vaginal stump abscess, we hypothesized that bleeding from the sutured stump forms a hematoma that subsequently gets infected with bacteria in the abdomen. As such, it was believed that there is potential in reducing bacterial infections in the vaginal stump sutured using VICRYL PLUS ® .
With regard to the efficacy of double gloving, the WHO Guidelines for Safe Surgery 2009 stated that "8-15% of surgical gloves are torn or punctured during procedures. No difference in SSI rates was observed when gloves were damaged or not during surgery, and the use of two pairs of gloves (double gloving) did not decrease the rates" [16] [17] [18] . However, evidence from a prospective observational study of 4,147 cases of gastrointestinal surgery, vascular surgery and trauma surgery by Misteli et al challenged this claim. The frequency of SSI occurrence was reported to occur in 51 of 677 cases (7.5%) when gloves were damaged, but 137 of 3,470 cases (3.9%) when gloves were not damaged. Although not statistically significant, there was a tendency for the occurrence of SSIs to increase upon glove damage example [6] . Since introducing double gloving in our department, we have found a tendency toward a decline in occurrence of SSIs.
We are unable to specifically identify the factor contributing to the reduction of SSIs since the introduction of VICRIL The only statistical significance in our study was the number of cases requiring antibiotic treatment. We performed antibiotics therapy only in cases of fever (38 °C or higher). Afebrile patients with SSIs only received wound cleaning. This result suggests that suturing the vaginal stump with both VIC-RYL PLUS ® and double gloving can prevent the aggravation of SSIs.
The sites of infection in the abdominal total hysterectomy for benign gynecologic disease were identified: urinary tract (4%), wound (3%), unknown fever (3%) and vaginal infection (0.2%), and intra-abdominal infection (0.1%) [19] . In this study, both the superficial SSIs and organ space SSIs showed there is a slightly higher trend compared to the occurrence frequency described above. One possible cause for this is that both benign and malignant diseases are included in this study. As such, the operation duration was inevitably longer resulting in a greater risk of bacterial infection.
Another limitation of this study to consider is that the bacterial culture was not routinely examined. At the beginning of the antibiotic therapies in several postoperative febrile cases, the abscess was too small to be aspirated. It is thus difficult to retrospectively identify the causative bacteria of the SSIs. The causative microbes of superficial SSIs have not been investigated as well.
Conclusion
Triclosan-coated sutures coupled with double gloving show potential in the ability to reduce SSIs and prevent SSIs from becoming severe.
